Abstract: Amsonia orientalis Decne. (Apocynaceae), is a rare and threatened plant species which is located only in a constricted area in northeast of Greece and northwest of Turkey in the world. Although phylogenetic analysis depending on nucleotide sequences of genes from different sources (nucleus, mitochondria and chloroplast) became a major tool for classification of plant species, there is still a big lack of information about A. orientalis in the international molecular data bases such as NCBI. In the current study, we phylogenetically analyzed three commonly used molecular markers (18S rDNA, 18S-28S rDNA-ITS region and trnL-F intergenic spacer) from A. orientalis samples collected from Turkey to determine the genetic diversity and also to question the systematic position of A. orientalis. As a result, A. orientalis samples clearly showed close relation with Alyxieae tribe rather than Vinceae. And this result brings the necessity to reconsider the morphological characters that have used to delimit the tribes of Rauvolfioideae.
Introduction
Genus Amsonia Walter from Apocynaceae (dogbane) family covers 22 plant species most of that have medicinal importance including antimicrobial and antitumour activities besides their horticultural usage. Although majority of these species are distributed in Americas, few of them are native to South Europe, Far East and Turkey (Dabine et al. 1986; Rahman & Zaman 1988; Rahman et al. 1989; Sauerwein 1991; Darke 2005) . Amsonia species are commonly known as "blue stars" since they have pale blue colored and star shaped flowers. As one of these species, Amsonia orientalis Decne. [syn. Rhazya orientalis (Decne.) A. DC.] is a rare medicinal and ornamental plant which has natural distribution only in Turkey and Greece in the world (Tutin et al. 1968; Davis 1978) . Although this plant is reported from 3 localities in Turkey which includeṡ Istanbul, Bursa and Balıkesir provinces (Tutin et al. 1968) , recent field studies indicated a more limited distribution area that covers 10 km 2 in Balıkesir province (Akyalçin et al. 2006) . Ekim et al. (2000) placed A. orientalis to the category of "critically endangered" (CR) in the "Red Data Book of Turkish Plants". Furthermore, the plant has been placed in the list of the plant species that must be conserved on European scale by The European Council in the Bern Convention (European Council, 1979) . In this context, to protect the retained A. orientalis populations in Balıkesir province,Ö zen (2006) implemented an ex situ protection since the habitats of the plant were under serious threat. In addition to the ex situ protection, some in vitro propagation studies were conducted as conservation strategies as well (Öz et al. 2008; Acemi et al. 2012; Acemi et al. 2013 ).
In the last 2 decades phylogenetic approaches based on nucleotide sequences of several molecular markers including plastid trn intron, rbcL, ndhF etc., have been preferred as an alternative method for classical Linnaean system for identification and classification of plant taxa. So far, several studies have been published about the molecular diversity and phylogenetic systematics of different plant families including Lamiaceae (Cantino et al. 1997) , Ericaceae (Kron 1997) and Scrophulariaceae ). In the last decade, molecular diversity of Apocynaceae family has also significantly exposed with several papers beginning with the pioneering and comprehensive studies of Potgieter & Albert (2001) and Sennblad & Bremer (2002) which deal with the phylogenetic analysis of genes such as rbcL, ndhF, trnL and trnL-F intergenic spacer. However, A. orientalis was ignored in most these studies most probably because of its limited natural distribution and that is why still there is a big lack of information about genetic diversity of this species. The main goal of this study is to complete this deficiency in the available literature and also to question the true system- 
Material and methods

Plant materials
Amsonia orientalis plant samples were collected from its wild populations located in Adnan Menderes (Ams-1), Gaziosmanpaşa (Ams-2), Paşa Alanı (Ams-3) andÖmerli (Ams-4) districts of Balıkesir province of Turkey. The voucher specimens were deposited in the herbarium of Uludag University (BULU, specimen no: 18138).
DNA extraction DNA was extracted from fresh and young leaves and roots according to Temizkan & Arda (2004) with some modifications. As first step, 20-50 mg of plant material was grounded with 500 µL cetyltrimethyl ammonium bromide (CTAB) buffer (100 mM Tris-HCl, pH 8.0, 20 mM EDTA, 2% CTAB, 1.4 M NaCl, and 0.1% b-mercaptoethanol) with a sterilized mortar and pestle, and heated to 65
• C. The solution was extracted twice with chloroform : isoamyl alcohol (24 : 1) by centrifugation at maximum speed at room temperature. The supernatant was precipitated with 0.6 volumes of ice-cold ethanol. The precipitate was then collected by centrifugation at maximum speed. The pellet was washed with 70% ethanol and air dried. The DNA pellet was finally dissolved in 25 µL TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and stored at -20
• C prior to use. For some samples, DNA was extracted with DNeasy plant mini kit (Qiagen, Germany) according to the manufacturer's instructions.
PCR amplification
The PCR protocols and DNA primers shown in the Table 1 were used to amplify 18S rDNA, 18S-28S rDNA-ITS and trnL-F intergenic spacer loci with a MWG Primus thermal cycler. All amplifications were performed in a 25 µL volume containing, 10 ng genomic DNA as template, 0.4 pmol of each primers, 0.8 mM dNTP mix (Amresco), 1U Taq polymerase, 1.5 mM MgCl2, 1X PCR buffer and distilled H2O. The PCR products were electrophoresed on 1% agarose gel (Amresco, Solon, Ohio) prepared in 1X TBE (Tris-Borate-EDTA) buffer. After stained with ethidium bromide, gels were visualized with the GeneGenius Bio imaging system (Syngene, Synoptics Group, Cambridge, UK).
Phylogenetic analysis
Nucleotide sequencings for the loci mentioned above were performed in both directions with the same primers used for the PCR amplifications (see Table 1 ). Sequencings were made commercially by Macrogen Inc., Korea, using the sequencer Roche 454 GS-FLX Titanium. Sequences were checked and edited using the program SeqMan II module of the LASERGENE 99 system (Applied Biosystem). The haplotypes in data sets were obtained either from the closest BLAST hits of our sequences in the study and from the available literatures. Multiple nucleotide sequence alignments were generated using ClustalX (Thompson et al. 1997 ) and optimized by hand using BioEdit (Hall 1999) . To determine the most appropriate DNA substitution model for our data sets, the Akaike information criterion (AIC) (Akaika 1974) and Bayesian information criterion (BIC) tests were applied with jModelTest v. 0.1 package program (Guindon & Gascuel 2003; Posada 2008) . Genetic distances for data sets were calculated using MEGA version 6 (Tamura et al. 2013) .
To evaluate the phylogenetic relationships among samples Neighbor-Joining (NJ) (Saitou & Nei 1987) , MaximumParsimony (MP) and Maximum-Likelihood (ML) algorithms were used. NJ and MP analysis were performed with software program PAUP* v.4.0b10 (Swofford 1998) and ML was applied with PhyML 3.0 (Guindon & Gascuel 2003) . The heuristic search approach was applied for the MP analyses using TBR swapping algorithm with 10 random repetitions and then strict consensus trees were generated from equally parsimonious trees. Bootstrap analysis of the MP trees were conducted with 1.000 replications using 10 random repetitions for each replication. And bootstrap analysis of the NJ and ML trees were conducted with 10.000 and 1.000 replications, respectively. All new sequences obtained in this study were deposited in EMBL data bank under accession numbers KJ649324-KJ649333 (See figure legends).
Results
Phylogenetic analysis of our 18S rDNA nucleotide sequences together with the ones obtained from GenBank (see the legend of Fig. 1 ) were carried out with 1,636 aligned nucleotides (see Table 2 for details). MP analysis yielded a single most parsimonious tree with 60 steps. AIC and BIC tests suggested two different substitution models (see Table 2 ). Since the highest bootstrap values were obtained with TPM2+I+G substitution model, the NJ tree drawn with this model was shown in Fig. 1 and the bootstrap values obtained from ML and MP analyses were also stated on the nodes of the tree in parenthesis. On the tree, Alstonia scholaris from Rauvolfioideae subfamily showed close relation with Apocynum sp. and Nerium oleander from Apocynoideae subfamily with 99.8% and 99.7% nucleotide sequence similarities, respectively. Our Amsonia orientalis (Rauvolfioideae subfamily) samples (Ams-1, Ams-2) showed the same 18S rDNA nucleotide sequence and appeared as sister to the lineage above. This relation supported with 51% and 53% bootstrap values in MP and ML trees, respectively. 18S rDNA nucleotide se- Fig. 1 . NJ tree showing the phylogenetic relations among 18S rDNA nucleotide sequences obtained in this study (bold on the tree) and the ones obtained from GenBank (regular on the tree). On the tree, only the bootstrap values greater than 50% have been shown and the bootstrap values of MP (Length: 60 steps; CI: 0.917; RI: 0.706; HI: 0.083) and ML trees were stated in parenthesis with this order. Accession numbers and sources of 18S rDNA haplotypes used for phylogeny are as follows -Nucleotide sequences obtained from GenBank: Alstonia scholaris AF107570; Apocynum sp. AF107571; Nerium oleander AF107572 (Albach et al. 2001) ; Cerbera manghas AY289645 (Shi et al. 2005) ; Thevetia sp. U42499 (Soltis et al. 1997) ; Orphium frutescens HQ448763 (Lemaire et al. 2011) ; Chionophila jamesii U59944 (Nickrent & Duff 1996) . Nucleotide sequences obtained in this study: Ams-1 KJ649324; Ams-2 KJ649325. Fig. 2 ) were carried out with 530 aligned nucleotides (see Table 2 for details). MP analysis yielded 6 most parsimonious trees with 665 steps. In this study, we considered the NJ and ML trees drawn with the GTR+G model which showed the highest bootstrap values (see Table 2 for details). On the tree, Rauvolfioideae subfamily species grouped in four main lineages. Vinceae tribe members Rauvolfia serpentina and Catharanthus roseus and also Tabernaemontaneae tribe member Tabernaemontana divarica constituted the Lineage-I with nucleotide sequence similarities between 87.3% and 85.4%. Additionally, the robustness of this group was supported with bootstrap values more than 80% in NJ, ML and MP trees. Unexpectedly, this lineage appeared as sister with Apocynoideae subfamily with nucleotide similarities between 85.2% and 78.8%. Our A. orientalis samples that showed three different 18S-28S rDNA ITS nucleotide sequences, appeared as distantly related with other Vinceae tribe members (Lineage-I) and formed the Lineage-II with Carisseae carandas from Carisseae tribe. This relation was supported with 98% and 53% bootstrap values in NJ and MP trees, respectively. And the nucleotide sequence similarities among these two species were between 93% and 92%. Plumeria alba and Thevetia neriifolia from Plumerieae tribe and also Alstonia scholaris from Alstoniaeae tribe formed the Lineage-III with nucleotide similarities between 87.7% and 83.9%. Another Alstonieae tribe member Aspidosperma cruentum formed the Lineage-IV by itself.
Phylogenetic analysis of our trnL-F intergenic spacer sequences together with the ones obtained from GenBank (see the legend of Fig. 3 ) were carried out with 281 aligned nucleotides. MP analysis yielded 12 most parsimonious trees with 107 steps. In this study, we considered the NJ and ML trees created with HKY+G substitution model since the highest bootstrap values were obtained with this model (Fig. 3) .
In the tree, all Vinceae tribe species (Ochrosia coccinea, Neisosperma nakaiana, Catharanthus roseus, Petchia ceylanica and Rauvolfia serpentina) except Amsonia formed a monophyletic lineage. The trnL-F intergenic spacer nucleotide sequence similarities amongst Vinceae tribe species mentioned above were determined as between 96% and 99.2%. Unexpectedly, an Alstonieae tribe species Laxoplumeria baehniana also appeared within this lineage and showed nucleotide sequence similarity between 95.7% and 97.8% with the Vinceae tribe species. Willughbeieae tribe species (Saba comorensis and Lacmellea aculeata) appeared as sister to the Vinceae tribe lineage with 57% and 50% bootstrap values in NJ and MP trees, respectively. Interestingly, Amsonia genus which is assumed to be a member of Vinceae tribe, formed a totally different lineage from other Vinceae tribe species and showed close relation with Pteralyxia kauaiensis which belongs to Alyxieae tribe (Fig. 3) . The trnL-F intergenic spacer nucleotide sequence similarities between Amsonia genus and P. kauaiensis were determined as between 94.6% and 93.9% and this relation supported with 54% bootstrap value in MP analysis. All of our A. orientalis samples (Ams-1, Ams-2, Ams-3, Ams-4) showed the same trnL-F intergenic spacer nucleotide sequence and formed a group with another A. orientalis sample (AF214262) with 99.6% nucleotide sequence similarity and this relation was supported with 99%, 99% and 98% bootstrap values in NJ, MP and ML trees, respectively. Another species from Amsonia genus, A. tabernaemontana, appeared as sister to the A. orientalis group and this relation supported with 99% bootstrap values in all trees. The trnL-F intergenic spacer nucleotide sequence similarity between A. orientalis and A. tabernaemontana was 97.1%. The overall mean genetic distance among the tribes in Fig. 3 was 0.068 and the genetic distance between the Vinceae tribe lineage and Amsonia genus lineage was 0.073.
Discussion
Rauvolfioideae, one of the 5 subfamilies of Apocynaceae family (order: Gentianales) has comprised of 9 tribes; Alstonieae, Willughbeieae, Tabernaemontaneae, Melodineae, Hunterieae, Plumerieae, Carisseae, Alyxieae and Vinceae that mainly delimited by fruit characters. Although this character seems distinctive and sufficient for classifying taxa, it has generally accepted that groupings depending on a single character may be risky especially when the character subjects to high range of selective pressure during the evolutionary process as in the case of fruit structures (Endress & Bruyns 2000) . It is already known that typical fleshy and in- Fig. 3 . NJ tree showing the phylogenetic relations of trnL-F intergenic spacer nucleotide sequences obtained in this study (bold on the tree) and the ones obtained from GenBank (regular on the tree). On the tree, only the bootstrap values greater than 50% have been shown and the bootstrap values of MP (Length: 107 steps; CI: 0.916; RI: 0.812; HI: 0.084) and ML trees were stated in parenthesis with this order. Accession numbers and sources of 18S rDNA haplotypes used for phylogeny are as follows -Nucleotide sequences obtained from GenBank: Amsonia tabernamontana AF214153; Carissa bispinosa AF214172; Catharanthus roseus AF214175; Lacmellea aculeata AF214217; Laxoplumeria baehniana AF214219; Melodinus monogynus AF214226; Neisosperma nakaiana AF214231; Pteralyxia kauaiensis AF214258; Rauvolfia serpentina AF214260; Amsonia orientalis AF214262; Saba comorensis AF214263 (Potgieter & Albert 2001) ; Hellea rubrostipulata AJ346957 (Razafimandimbison & Bremer 2002) ; Cerbera manghas EF456094 ); Ochrosia coccinea AM295092; Petchia ceylanica AM295093 . Nucleotide sequences obtained in this study: Ams-1 KJ649330; Ams-2 KJ649331; Ams-3 KJ649332; Ams-4 KJ649333. dehiscent fruit structure has independently evolved at least 3 times in Rauvolfioideae (Endress et al. 1996; Sennblad & Bremer 1996; Sennblad 1997) . This means that, the structure of fruit is not a homologous character for Rauvolfioideae and the existence of taxa that have dehiscent and dry pericarped fruit structure in the family supports the homoplasious nature of the character as well (Endress & Bruyns 2000) . Congruent with this finding, recent phylogenetic studies based on molecular and morphological data revealed some misclassifications in the tribal concept of Rauvolfioideae and suggested reclassifications for them (Potgieter & Albert 2001; Sennblad & Bremer 2002; Simoes et al. 2007) . In this context, genus Amsonia appeared as one of these conflicting taxa. Due to some morphological data Endress & Bruyns (2000) placed Amsonia in Vinceae tribe which also contains Catharanthus, Kopsia, Ochrosia, Rauvolfia, Vinca and Petchia genera. On the other hand, some recent publications questioned this classification. In one of them, Potgieter & Albert (2001) phylogenetically analysed the combined data from nucleotide sequences of plastid trnL intron and trnL-F intergenic spacer and also 6 propagule characters of species belonging to Apocynaceae s.l. family. As a result, Vinceae tribe genera Ochrosia, Rauvolfia, Vinca, Catharanthus and Neisosperma formed a lineage with two genera of Alstonieae tribe, Laxoplumeria and Tonduzia. On the other hand, Amsonia species (A. tabernaemontana and A. orientalis) appeared as distantly related with other Vinceae tribe genera mentioned above and formed a lineage with Thevetia from Plumerieae tribe. And this lineage appeared in the same main lineage with Alyxieae tribe that contains Condylocarpon, Alyxia, Lepiniopsis, Plectaneia genera. In a more recent study, Simoes et al. (2007) had similar results with the combined phylogenetic analysis of five chloroplast regions (matK, rbcL, rpl16 intron and 3' trnK intron). In the phylogenetic tree drawn with the Bayesian approach, all Vinceae tribe genera except for Amsonia formed a lineage which supported with significant posterior probability values. On the other hand, Amsonia species (A. elliptica and A. tabernaemontana) formed a distinct lineage with Alyxieae tribe members (Alyxia reinwardtii, Chilocarpus costatus and Condylocarpon isthmicum) and this lineage was supported with significantly high (> 80) posterior probability values. Our results from trnL-F intergenic spacer nucleotide sequence phylogeny (Fig. 3) perfectly match with the previous findings that indicate Amsonia (A. orientalis and A. tabernaemontana) genus is related with Alyxieae but not with Vinceae tribe. The genetic distance between the Vinceae tribe lineage and the Amsonia genus lineage (0.073) which is greater than the overall mean distance (0.068) also supports this suggestion.
Evolutionary comments depending on single gene phylogeny maybe misleading. That is why it is more reasonable to use as many genes as possible from different sources (nuclear, mitochondrial and chloroplast DNA) to analyze plant taxa. For this reason, we used 18S-28S rDNA ITS region to confirm the phylogenetic position of A. orientalis. As a result, congruent with the trnL-F intergenic spacer, 18S-28S rDNA ITS phylogeny clearly revealed the unrelatedness of A. orientalis with Vinceae tribe. Nevertheless, because of lacking of 18S-28S rDNA ITS nucleotide sequences belonging to Alyxieae tribe members in international data bases we could not test the relationship of A. orientalis and Alyxieae tribe using this molecular marker.
Small sub-unite (SSU) of nuclear ribosomal DNA (18S rDNA) is an important molecular tool for inferring phylogenies among eukaryotic organisms. Although its immense importance, still there are not enough 18S rDNA sequences belonging to the members of Apocynaceae family in databases to infer an comprehensive phylogeny which may gives tips for true genology of A. orientalis.
As conclusion, our results from trnL-F intergenic spacer and 18S-23S rDNA ITS nucleotide sequence phylogeny together with the results from previous studies of Potgieter & Albert (2001) and Simoes et al. (2007) suggests that Amsonia genus is not phylogenetically related with Vinceae tribe but can be belonging to Alyxieae. And because of the obvious incongruences between the taxonomic relations obtained from molecular phylogenetic approach and conventional morphology based concept, the morphological characters that plays role on delimitation of tribes of Rauvolfioideae should be reconsidered.
